A short time ago the idea that chronic or subacute degenerative diseases of the nervous system might be transmissible would have been an unbelievable conception to most medically trained pathologists or to neurologists. Not so, however, to the veterinary pathologist, for he had known for many years that there was a curious disease of sheep which appeared to be transmissible. Sheep affected with this condition rub or scrape themselves against posts or fences and remove large patches of fleece (Fig 1) . This activity gives the condition its common English name, scrapie. With scrapie there are signs, but of course no symptoms, and the veterinary physician is deprived of the immensely valuable help that the medical physician gets from hearing from the patient details of his symptoms. In addition to rubbing, other signs of scrapie are ataxia, tremor, wasting, weakness, excessive drinking, disturbances of behaviour and sometimes blindness. The behavioural disturbances are most striking; sheep may charge dog or man, or rush about aimlessly; they start and stare in a curious manner. Their character seems quite altered and they are no longer typically sheeplike. The first references to this disease are from the 18th century and in the succeeding 200 years many writings on the condition are to be found in agricultural papers (M'Gowan 1914) . When one reads the literature on the clinical picture and looks at any considerable number of sheep with scrapie one finds it difficult to be sure that 'scrapie' as at present conceived is one syndrome. For instance, some animals instead of wasting become fat, some do not scrape and some do not drink excessively. It is possible that the umbrella of 'scrapie' shelters more than one disease. Until relatively recently the only pathological change reported in the central nervous system consisted of vacuolated nerve cells in the brain stem. Looking back on this phase of the study of scrapie it is hard to see how anyone could have been satisfied that vacuolation of nerve cells in this site could account for ataxia, muscular wasting, excessive drinking (not associated with diarrhoea) and disturbances in behaviour, but so it was, and indeed until very lately many have been satisfied that the pathological basis of the signs of the disease lay here. The first really specialized study by workers with neuropathological training was in 1937 (Bertrand et al.) , and a review by Palmer (1959) shows how little was known even as recently as 1959 of the pathological changes in the brain.
My own interest in the subject was aroused in about 1952 when Mr H B Parry was kind enough to show me cases which he had been studying clinically for some years. We did many postmortems on scrapie sheep and in our first series of 45 consecutive autopsies we found that all had, to a greater or lesser extent, abnormalities in the muscles (Bosanquet et al. 1956 ). Later on, in a study of the central nervous system of another series of 34 sheep with scrapie (Beck et al. 1964) , we found that all those animals which had shown recognizable ataxia during life had clear-cut histological evidence of degeneration of the cerebellar system (the association of the cerebellum with ataxia was firmly established by Flourens in 1823 as a result of his cerebellar ablation experiments). There was patchy but sometimes considerable loss of Purkinje and granule cells accompanied by dense fibrous gliosis (Fig 2) . Degeneration of the mossy endings was the earliest sign of pathological change. There were occasional PAS-positive plaques in the cerebellar cortex. The brainstem nuclei which have afferent connexions with the cerebellum showed numbers of vacuolated cells and some degree of gliosis. Here, then, we have unequivocal lesions in scrapie sheep which account for one of the commonest and hitherto unexplained clinical features, namely ataxia.
Although at autopsy we had been impressed by the extreme dryness of the tissues of many of the animals, a characteristic finding in cases of diabetes insipidus, we had at first not thought very seriously about the problem of excessive drinking in scrapie sheep. However, during the histological investigation of the brains of this second series we happened to be studying the hypothalamus of a series of animals, including sheep and goats, in which we had severed the pituitary stalk or which had been hypophysectomized (Beck & Daniel 1961 , Beck, Daniel & Prichard 1969 , 1970 , Adams et al. 1971 . The picture seen in the hypothalamus of some of the scrapie sheep was uncannily similar to that found in the stalk-sectioned animals. There was a loss of cells in the supraoptic and paraventricular nuclei (Fig 3) and those cells which survived tended to contain more than the usual quantity of neurosecretory material. There were also abnormalities in the median eminence, including an excess of neurosecretory material and apparent hypercellularity. Similar changes were found in the hypophysectomized animals. Our familiarity with the abnormal hypothalamus as seen in the experimental animals enabled us to recognize the degenerative changes that were taking place in the hypothalami of the scrapie sheep, and it became clear that the hypothalamo-neurohypophysial system was diseased in a not inconsiderable proportion of animals suffering from scrapie (Beck et aL 1964) .
The hypothalamic changes seen were, as we knew from our experimental work (Adams et al. 1963 , Cowie et al. 1963 , associated with diabetes insipidus and various metabolic disturbances (Daniel & Prichard 1964) . Here was a second pathological finding which accounted for another of the clinicalsignsinscrapie, namelypolydipsia. It also seems possible that degenerative changes in the hypothalamus could account for the other metabolic abnormalities in scrapie sheep; they might account for the fact that some animals become fat, for a notable feature seen in our experimental animals after stalk section or hypophysectomy has been a tendency to lay down an excessive quantity of fat.
Two abnormalities of behaviour remained to be explained pathologically; first, the disturbance in the general behaviour of the sheep which had caused the French to call the disease 'la maladie folle', and secondly, the scraping and rubbing.
Dementia, if one may guess that these animals are demented, has been defined as a decline in mental capacity, usually irreversible, produced by disease of or injury to the brain and characterized especially by deterioration of intellect and memory as well as emotional control. (I am indebted to Sir Aubrey Lewis for this definition.) Dementia may be due either to a loss of nerve cells in the brain or to interruption of the connexions between nerve cells.
A great loss of nerve cells is seen in many cases of arteriosclerotic brain disease, and undoubtedly causes dementia. Interruption of neural connexions, associated with dementia, is seen after certain head injuries. In this type of post-traumatic dementia, of which the pathology was first described by Strich (1956 Strich ( , 1961 , the' nerve cells in the cortex are amazingly well preserved and it seems certain that the dementia is due to disruption of the connexions between the neurones (caused by the shearing of large numbers of nerve fibres at the time of impact of the head). In scrapie there does not appear to be any serious interruption of neural connexions but there may well be considerable loss of cortical neurones of which we are unaware. The ordinary observer with a microscope cannot appreciate that there is any diminution in the number of nerve cells until the loss has reached a level of some 50% of the population. Cell counts have not been made in scrapie, but one indication that pathological changes are taking place in the cerebral hemispheres in this disease is the presence of an excess of astrocytes in the grey matter (Bertrand et al. 1937) , and another is the finding of internal hydrocephalus in most cases (Beck et al. 1964) . One might make a guess that the rubbing and scraping shown by these animals Fig 3 Scrapie. Great loss of nerve cells in supraoptic nucleus with increase in glial cells (seen as small cells in the nucleus). Optic tract below. Nissl. x 53 could be due to pathological changes in the thalamus or sensory pathways which cause abnormalities of sensation. It is of interest that in experimentally induced scrapie in goats Hadlow (1961) found that the most severe lesions were present in the sensory relay nuclei of the thalamus, loss of neurones and spongy change being prominent features.
To recapitulate, here we have a disease in which there is. degeneration of the cerebellar and hypothalamo-neurohypophysial systems associated with gliosis throughout the cerebral hemispheres. Degeneration in the white matter is slight and the disease is clearly not of demyelinating type. Thus pathologically this is a characteristic degenerative neurological illness with no suggestion of an infective element (Beck et al. 1964) .
During 1935 Dr W S Gordon (1946) was carrying out a large-scale experiment on the effectiveness of a vaccine against louping ill, a virus infection of the nervous system of sheep. The vaccine was a suspension prepared from formalized brain material from sheep infected with the virus. Some two years or more after the experiment began a number of the vaccinated sheep went down with scrapie. As the flocks from which these sheep came had previously been free from the disease the suspicion was aroused that some of the sheep from which the inoculum had been made had been incubating scrapie. This suggest d that scrapie might be directly transmissibl. Further experiments were started and soon it was confirmed that inoculation with material from sheep with scrapie could induce disease of the brain not only in sheep but also in goats, mice, hamsters and rats.
In the mid-1950s Dr D C Gajdusek went to New Guinea to study a strange malady, kuru, Holzer. x 120 previously unknown to medicine (Gajdusek & Zigas 1957) . This disease, the name of which means trembling as from cold or fear, was confined to one territory in the highlands in which the Fore people live, cut off from their neighbours and civilization by high ranges of mountains. This part of New Guinea was only penetrated by outsiders to any appreciable extent in 1947. Indirect evidence suggests that kuru first appeared only about 60 years ago (Glasse 1967 , Alpers 1968 ), but at the time when Gajdusek first went to New Guinea this illness was responsible for some 50% of the deaths in the community. It affected mainly women, children of both sexes and only occasionally men. The first sign of the onset of kuru was a mild ataxia with perhaps some tremor. The progression of the disjase was remorseless, ataxia becoming more severe, dysarthria and dysphagia developing and death usually occurring within a year. Dementia often supervened (Hornabrook 1968 ). Clinical accounts have been given by Gajdusek & Zigas (1957) , Zigas & Gajdusek (1957) , Simpson et al. (1959 ), Homabrook (1968 and .
Starting in 1961 Dr
Gajdusek sent us a number of brains from patients suffering from kuru. In all the 13 cases which we examined the pathological changes were most severe in the cerebellum and its associated nuclei. The Purkinje and granule cells had degenerated and the glial cells proliferated and hypertrophied to varying degrees (Fig 4) . The result was the rather stereotyped picture seen in many cerebellar degenerations, e.g. carcinomatous cerebellar degeneration (Brain et al. 1951 ). In kuru, however, the paleocerebellum was more severely affected than other parts. In the brainstem the nuclei with cerebellar connexions showed degenerative changes. We also found extensive degenerative changes in the cerebral hemispheres, involving both cortex and basal ganglia. A spongiform state of cortical ( Fig 5A) and basal grey matter with the loss of quantities of nerve cells and a very considerable excess of astrocytes ( Fig SB) was seen in most cases, the severity of the changes varying from patient to patient. The degeneration of the white matter was slight and in no way resembled the picture seen in the demyelinating diseases, such as disseminated sclerosis. Thus in this disease we have a degenerative process involving cerebral hemispheres, brainstem and cerebellum. Ataxia, the most prominent clinical feature, is accounted for by the cerebellar degeneration while the changes in mood and terminal dementia (Hornabrook 1968 ) may be explained by the severe pathological changes in the grey matter of the cerebral hemispheres. Again there is no similarity with any known infection of the nervous system or any of the classical demyelinating conditions. Accounts of the pathology are given by Klatzo et aL (1959), Fowler & Robertson (1959) , Beck, Daniel & Gajdusek (1966) , Beck & Daniel (1965 , Beck, Daniel, Alpers, and Beck Daniel, Gajdusek & Gibbs (1969 , 1970 . Hadlow (1959) pointed out that there were various similarities between the pathology of scrapie and kuru and suggested that it would be worthwhile to try transmission experiments using primates. As a result Gajdusek decided to see whether inoculation of cerebral tissue from cases of kuru might induce disease in a recipient animal. Suspensions of brain tissue taken at postmortem from cases of kuru were inoculated into the brain of various species of mammals, including chimpanzees (Gajdusek et al. 1966 , Beck, Daniel, Alpers, Gajdusek & Gibbs 1966 , and the latter animals did indeed go down with the disease after an incubation period of as long as 3 years. The first signs observed in the chimpanzees were ataxia, lethargy and poverty of Section ofANeurology * X " -i i loss of Purkinje and granule cells and much gliosis although spongy change was mild (Beck, Daniel, Alpers, Gajdusek & Gibbs 1966 .
The cerebellar degeneration was quite sufficient to cause the ataxia shown by the animals. In addition the extensive loss of nerve cells throughout the cerebral cortex was certainly great enough to account for changes in behaviour and also for the visual impairment, or even blindness.
Here again the degeneration found in the central nervous system explained the clinical signs. The pathological changes in the brains of the inoculated chimpanzees were remarkably similar to those found in the brains of patients with kuru, though the severity of the lesions in the different parts of the cerebrum and cerebellum did not exactly match those seen in the humans, the -, N ;spongy degeneration in the cerebral hemispheres affecting most severely the grey matter of the cerebral hemispheres (Fig 6A) , although the cerebellar cortex also showed some degree of spongy degeneration. In the cerebral hemispheres there was also great loss of nerve cells and a Fig were hypertrophied (Fig 6B) . In the cerebellum in Bmarkedrolifertiongo cytes God most cases there was marked degeneration with sublimate. x 300 27 791 .. of the chimpanzees in particular being more severe and extensive (Beck, Daniel, Alpers, Gajdusek & Gibbs 1969) . When a study of the pathology of any specific disease is being made it is always rewarding to consider the pathological changes seen in other diseases which seem, even though not strictly comparable, to have some feature or features which are similar. An apparently related series of subacute or chronic clinical syndromes (Siedler & Malamud 1963 , Kirschbaum 1968 ), all leading to dementia and all showing a pathological picture of diffuse degeneration of the brain, have been grouped together under the eponym Creutzfeldt-Jakob disease, which I take to include spongiform encephalopathy (Jones & Nevin 1954 , Nevin et al. 1960 . Although the cerebral pathology of these syndromes covers such a wide range that there may well be more than one disease included under the general heading, nevertheless some cases, especially those with marked cerebellar involvement (Brownell & Oppenheimer 1965) , show a pathological picture resembling that seen in kuru (Klatzo et al. 1959 ) and especially resembling the disease induced in chimpanzees by inoculating cerebral material from cases of kuru.
The pathological similarities between kuru, 'experimental kuru' and some cases of Creutzfeldt-Jakob disease convinced us that, though a long shot, it would be worthwhile trying out an inoculation experiment with the latter. Mrs E Beck and I, therefore, sent cerebral material from one of Professor Bryan Matthew's cases of Creutzfeldt-Jakob disease to Dr Gajdusek, who inoculated a suspension intracerebrally and intravenously into a chimpanzee. A little more than a year after inoculation the animal developed ataxia, with intention tremor. It went downhill steadily, becoming lethargic and somnolent and its vision became impaired. It was killed two months after the onset of clinical signs. Histologically there were very striking abnormalities in the brain and cerebellum. In the cerebrum there was extensive loss of nerve cells, proliferation and hypertrophy of glial cells and some spongy degeneration (Fig 7) . The cortex was very severely affected, as were parts of the basal ganglia. The cerebellum showed much less degeneration than the cerebral hemispheres (Gibbs et al. 1968 , Beck, Daniel, Matthews, Stevens, Alpers, Asher, Gadjusek & Gibbs 1969 . Since this time we have examined the brains of 7 chimpanzees which have been inoculated with brain material from a series of different patients with Creutzfeldt-Jakob disease, and all have shown a remarkably similar histological picture.
Thus we have three diseases, scrapie, kuru and Creutzfeldt-Jakob disease, which pathologically have all the hallmarks of chronic or subacute degenerative conditions of the central nervous system and none of the commonly accepted signs of inflammatory disease or demyelinating disease (Beck et al. 1970 ). In all three conditions, one animal and two human, inoculation of material from affected cases has led to the onset of a disease in the recipient animal, which has developed degenerative changes in the brain not dissimilar to the pathological picture seen in the brain of the donor.
Are there any clues as to the cause or causes of these three diseases? In the case of scrapie, it has long been believed by shepherds and flock masters that the condition is hereditary and Parry (1969) has been running an extensive and long-term breeding experiment which shows that there is a strong hereditary element. It may be that heredity explains the occurrence of scrapie but the transmissible aspect has also to be taken into account. There certainly does not seem to be any good evidence that scrapie spreads by contact as might be expected of any ordinary infectious disease. Zlotnik (1970) has reviewed various theories of the pathogenesis of the disease.
In the case of kuru, it is clearly very difficult to work out the genetic history of patients but there is some evidence for a genetic factor (see pedigrees given by Hornabrook (1968) ). However, another factor has been suggested as leading to the spread of the disease. It seems (Glasse 1967 , Alpers 1968 ) that cannibalism became common amongst the Fore people, secluded from their neighbours by high mountain ranges, at about the time that kuru started to appear, 60 or so years ago. It was apparently the habit to eat, as a sign of respect, the bodies of one's relatives when they died and the women and children were given the offal, including the partially cooked brains, whereas the men had the flesh. Since the Fore country has been opened up the administration has frowned upon cannibalism and the practice has virtually died out. It is curious that over the period of time when cannibalism has been disappearing the incidence of kuru has much diminished and in particular that there has been a very great change in the age of those affected by the disease. When Gajdusek & Zigas first worked in the Fore region the children were the most common victims, but now the condition is virtually never seen in the young and tends to occur only in adults or even the elderly. If the disease were spread by cannibalism this change in the age range of those affected could be explained by the fact that the habit has ceased and that only the occasional adult continues the practice in secret. However, I believe that it is unlikely that cannibalism was the cause of the spread of the condition.
Creutzfeldt-Jakob disease is rare and I am not aware that there is any genetic factor involved although there are familial cases (Kirschbaum 1968) . Nor do I know of any unusual culinary habits practised by people who develop this disease. We must, I think, admit that the causes of these three diseases are very obscure and that we have a long way to go before we can arrive at an answer.
Regarding the mode of transmission of the three diseases, most work has been done on scrapie and transmission has been achieved by both intracerebral and intravenous inoculation. The inoculum has been made from cerebral tissue as well as from many extracerebral tissues of scrapie sheep. It has been treated in a variety of ways which would be expected to destroy both bacteria and viruses, e.g. heating, treatment with formalin, and ultraviolet light (Hunter 1969) . In spite of these insults to the inoculum, changes have developed in the recipient brains. Cerebral degeneration has been induced in goats, sheep, rats, hamsters and mice so that species specificity is not striking here. Many passages have been made. Antibodies have never been found in the blood of sheep with natural scrapie or in animals with transmitted disease. In the case of kuru, cerebral changes have been induced in chimpanzees and in new world monkeys (Gajdusek & Gibbs 1971) , and here again the inoculum may be obtained from brain or from extracerebral tissues and is effective in spite of treatment similar to that used in an attempt to 'inactivate' scrapie inocula. The experimental condition has been passed to other chimpanzees, four passages having been made so far (Gibbs & Gajdusek 1970) . It is still too early to be able to report on the effectiveness of inocula from cases of Creutzfeldt-Jakob disease after similar rough treatment. However, the experimental disease in the chimpanzee has been induced on a second passage. Feeding experiments have not induced cerebral changes in any of the diseases. In none of these three diseases has an adequate pathological investigation been made of the extracerebral tissues and clearly it is possible that pathological changes may be much more widely spread than has so far been believed.
Thus remarkably similar pathological changes may be induced in the brains of experimental animals by injecting inocula from cases of scrapie, kuru and Creutzfeldt-Jakob disease. These cerebral changes are those which up to now have been regarded as degenerative and they in no way resemble the changes seen in acute bacterial or viral infections or in the recognized demyelinating conditions such as multiple sclerosis.
It has become fashionable to describe these diseases as slow virus infections (Gajdusek et al. 1965 ) but I consider this to be unfortunate. Once a label is attached to a condition people working in the field tend to be blinkered. We have seen over the last 20 or so years a series of labels given to diseases of obscure etiology; for instance, collagen diseases and later autoimmune diseases. Every disease of which we know little is forced into the current popular category; after a time it is found that one or two conditions actually fall into this category, while the rest drift back to become unclassified until the next catch phrase arises and the diseases of unknown etiology are quickly put under the next new label. I fear that already various obscure diseases of the nervous system are becoming 'slow virus infections' for no reason other than that we are ignorant of their cause; for example, demyelinating conditions such as disseminated sclerosis, which pathologically bear no resemblance to the diseases I have described.
We need unprejudiced thinking on these difficult problems and one remembers how Pasteur, with his wonderfully intuitive mind, unhampered by training in the medical or even biological field, solved the problems of the fermentation of wine and the diseases of silk-worms and finally laid the foundations of much of our knowledge of bacterial disease and immunology (Vallery-Radot 1901 , Dubos 1951 ).
It seems to me possible that the induction of changes in the brains of inoculated animals by material from cases of scrapie, kuru and Creutzfeldt-Jakob disease represents a new biological phenomenon. When this phenomenon is more fully understood, we may have the ammunition for a new attack on degenerative disease of the brain.
